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General and Physical Chemistry. 

Arc Spectra of Yttrium, Erbium, and their Inter- 
mediate Fractions. JOSEF MARIA EDER (Chem. Zentr., 1916, 
ii, 4,!i5--456 ; from Sitzungsber. K .  Akad. W i s s .  CVien. Mathem. 
naturw. EZ., [ll A] ,  125).-The author has redetermined the 
spectrum of yttrium, using a very pure specimen of yttriurri 
sulphate; the measurements cover the weaker y-lines from 
h 7881-2231. The emission spectrum of yttrium in the electric 
flame arc is a mixture of three spectra-a well-defined, strong 
line spectrum and two types of band spectra. The most char- 
acteristic form of the latter consists of groups of regular bands 
thO heads of which are rough and shaded towards the red; these 
are resolved at  great dispersion into a system of groups of 
very fine lines. In  addition to these bands, there is also a weak 
band spectrum composed of indistinct lines, which only appears 
after protracted illumination, and in consequence of its indistinct- 
ness could not be measured. 

The yttrium line spectrum between A7881 and 2231 contains 
706 lines, the wave-lengths of which are given in tables. The 
yttrium sulphate was free from erbium and thulium, but  contained 
traces of aldebaranium and holmium. I n  the band spectrum of 
yttrium, the first group (a) extends from h6338-6132, the second 
( P )  from h 6137-5972; the third group (y) is less defined, the 
most marked band head occurring a t  h5956.  The groups of bands 
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ii. 2 ABSTRACTS OF CHEMICAL PAPERS, 

of shorter wave-length are weaker and less definite, and their struc- 
ture is less regular than that of the a-, P-, and y-groups. I n  the 
region h6338-5838, the author finds 20 lines of the yttrium line 
spectrum and about 700 line components of the yttrium band 
spectrum. 

The arc spectrum of erbium in the region h 6880-4471 has been 
measured afresh; the author finds 1780 lines against 800 previously 
recorded. The results obtained with different preparations of 
erbium are so discordant that  it appears doubtful if the specimens 
obtained up t o  the present are sufficiently uniform. The investi- 
gation of erbium preparations from the fractions lying towards 
the thulium groups shows them t o  contain in all probability the 
new element dubhium, in addition to thulium and denebium; only 
minute amounts of yttrium are present. I n  the arc spectrum of 
erbium fractions closely related to yttrium, all the brighter 
yttrium lines are presentl accompanied by very large numbers of 
erbium lines, whilst the lines of the thulium group are not so 
marked. An erbium fraction containing much yttrium yielded a 
line spectrum in the electric arc between carbon poles in which 
4045 lines were measured between A6492 and 2326. I n  addition 
to a number of holmium lines, this spectrum contained many 
unidentifiable lines, which point to the presence of a new element 
(erbium 111). The spectroscopic investigation of erbium prepara- 
tions containing yttrium gave indications of a fission of holmium. 

H. W. 

The Quantitative Absorption of Light by Simple In- 
organic Substances. I. The Haloids of the Alkali Metals 
and Hydrogen, PETER JOSEPH BRANNIGAN and ALEXANDER 
KILLEN MACBETH (T., 1916, 109, 1277--1286).-The curves 
obtained by plotting the molecular extinction coefficient against 
the frequency of the incident light show that the haloids of 
hydrogen and the alkali metals are not diactinic, but exhibit well- 
marked selective absorption. For a given halogen, the position of 
the band is independent of the electropositive element o r  group, 
the selective frequencies for the chlorides, bromides, and iodides 
being l / h =  3730, 3570, and 2803 respectively. The frequency thus 
decreases as the atomic weight of the halogen increases. 

The curves for the chlorides and iodides show that the extinc- 
tion coefficient increases with increase in the atomic weight of the 
positive radicle, but lithium is an exception to this rule. 

I n  seeking for an explanation of the selective effects, chlorine 
gas was examined, and found to exhibit strong absorption with a 
minimum at  1 / A  = 3060. Halogen-substituted organic compounds 
give only slight general absorption. These results seemed to show 
that the selective effects are due t o  the halogen ions. Since, how- 
ever, the molecular extinction of the alkali haloids increases with 
increasing concentration of the solution, it would appear that  the 
bands are not due to the free ions themselves, but, are the result 
of vibrations set up in them under the influence of the positive ion. 

The fluorides examined showed no selective absorption, and i t  is 
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GENERAL AND PHYSICAL CHEMISTRY. ii. 3 

suggested that the characteristic irequency lies outside the range 
of ultra-violet rays examined. 

The Influence of Solvents, etc., on the Rotation of 
Optically Active Compounds. XXI. The Relationship of 
the Rotatory Powers of Ethyl Tartrate, zsoButyl Tartrate, 
and zsoButyi Diacetyltartrate. 'I'Hohias STEWART PATTERSON 
(l'., 1916, 109, 1139--1175).-1n continuation of previous work 
(T., 1913, 103, 145), which was considered to show that  in the 
temperature-rotation curves of ethyl tartrate beyond the maximum 
actually demonstrated there should be a minimum rotation of 
positive, but not high value, the rotations of homogeneous ethyl 
tartrate, homogeneous is0 butyl tartrate, and homogeneous isobutyl 
diacetyltartrate, and of these esters in solution in a number of 
solvents, have been examined for light of six or more colours. 
Salicylaldehyde, benzaldehyde, pyridine, and quinoline tend to dis- 
place the maximum rotation in ethyl tartrate towards a lower 
temperature and a higher rotation value in the sequence given, 
the first-mentioned solvent being least powerful. I n  the last three 
solvents the curves are obviously tending towards minimum values 
a t  high temperatures, this minimum being actually reached in the 
case of quinoline. It might perhaps be that, since the curves for 
different colours of light in the case of ethyl tartrate intersect 
before the maximum, they ought again to intersect after the maxi- 
mum is passed and before the minimurn is reached, in which case 
a region of visibly anomalous rotation-dispersion might be expected 
a t  a fairly high temperature. This, however, is not observed. 
It is shown that the region of visibly anomalous rotation-dispersion 
for isobutyl tartrate is brought into view by solution of the ester 
in s-tetrachloroethane, this region being, therefore, moved towards 
a higher temperature and a lower rotation value. In quinoline, 
the behaviour is very much the same as that of ethyl tartrate. 
Since the solutions in quinoline darken a t  temperatures just above 
looo, the observations cannot be carried far beyond the minimum 
values, so, to ascertain what happens beyond this minimum value, 
the behaviour of isobutyl diacetyltartrate in the homogeneous con- 
dition was examined. A minimum is found in the graphs for this 
ester a t  the ordinary temperature, and since a t  the minimum the 
rotation-dispersion is positive, thus corresponding quite closely with 
what is observed in the neighbourhood of the minimum for ethyl 
tartrate and isobutyl tartrate in quinoline, i t  is concluded tha t  
these minima represent corresponding conditions of the substances, 
so that  the behaviour of isobutyl diacetyltartrate between, say, 
Oo and ZOOo may be held t o  represent the behaviour of ethyl 
tartrate or isobutyl tartrate a t  temperatures from perhaps 300° 
up to about 500O. On heating isobutyl diacetyltartrate beyond 
the minimum, no further intersection of the graphs takes place; 
no further region of visibly anomalous rotation-dispersion has been 
observed. By piecing together the evidence referred to, the author 
concludes that i f  these three esters were examined over a wide 
range they would all show, a t  low temperatures, negative values of 

H. M. D. 
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ii. 4 ABSTRACTS OF CHEMICAL PAPERS. 

rotation with negative dispersion. As the temperature increased, 
the temperature-rotation graphs would intersect, giving rise to 
visibly anomalous rotation-dispersion, continuing to  rise to reach 
maxima a t  slightly different temperatures. They would then fall 
again to  reach, without further intersection, minimum values, 
rising thereafter, again without intersection, t o  attain to  new 
maxima, up to which, in the meantime, they have not been 
followed. The curves for isobutyl diacetyltartrate in o-nitro- 
toluene were found to be remarkable, inasmuch as they exhibit 
anomalous rotation-dispersion, from which the conclusion is drawn 
that  the effect of this solvent is t o  displace the minimum of the 
isobutyl diacetyltartrate towards high temperatures, over the 
maximum corresponding with that  actually existing in ethyl 
tartrate, so as to bring into view the region of anomalous rotation- 
dispersion corresponding with that  which actually exists in ethyl 
tartrate a t  the ordinary temperature. It is pointed out that  whereas 
the value of the maximum may be very different, and occur a t  
very different temperatures for a given homogeneous substance 
and for that  substance in solution, or for  a derivative of that  
substance, the rotation value a t  which the intersection of the 
temperature-rotation curves fo r  two different colours of light takes 
place is almost identical. This point is the same as the point of 
intersection of the two corresponding lines on Armstrong and 
Walker's charact'eristic diagram. T. 8. PA. 

The Influence of Solvents, etc., on the Rotation of 
Optically Active Compounds, XXII. Rotation Dispersion. 
THOMAS STEWART PATTERSON (T., 1916, 109, 1176--1203).-Since, 
as is shown, the ordinary rotation-dispersion ratios may vary for 
quite slight changes of external conditions, such as temperature, 
between + infinity and -infinity, they have obviously very little 
value. If, however, the dispersion ratio be calculated with respect 
t o  the intersection of the corresponding temperaturerotation curves 
or €he intersection of the corresponding lines on Armstrong and 
Walker's characteristic diagram, this point being regarded as a 
rational zero for these colours, it is found that  the dispersion ratio 
then shows a very fair constancy throughout a related series of 
active compounds or for  a particular active compound in different 
solvents or a t  different temperatures. This is illustrated from data 
given by Pope and Winmill for benzoyl and various substituted 
benzoyl, sulphonyl, and naphthoyl derivatives of Z-tetrahydro- 
quinaldine; by data given by Pickard and Kenyon f o r  methyl- 
tert.-butylcarbinol and 6-1-naphthyl-n-hexylcarbinol, as well as from 
data from the preceding paper. The manner in which rotation 
data are likely t o  lie upon a characteristic diagram in the neigh- 
bourhood of a maximum or a minimum in the temperature-rotation 
curves is discussed. I n  such cases i t  appears that  the points on 
the characteristic diagram must return on themselves, whence i t  
seems probable that  the data for a given substance should fit 
approximately on different characteristic diagrams according t o  the 
temperature or nature of the solvent. T. 8. P A .  
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QENERAL AND PHYSICAL CHEMISTRY. ii. 5 

The Influence of Solvents, etc., on the Rotation of 
Optically Active Compounds. XXIII. Anomalous Rota- 
tion-Dispersion and Dynamic Isomerism. TEIOII A S  STEWART 
PATTERSON (T., 1916, 109, 1204--1228).-The hypothesis of 
Arndtsen, which has recently been revived by Armstrong and 
Walker, that  anomalous rotation-dispersion is due to the presence 
of two modifications of one original active compound, is discussed, 
especially with reference to the assumptions which have t o  be made 
to account for  the occurrence of these isomerides. The) contention 
of Lowry and Dickson, that  ethyl tartrate can be separated by 
distillation into fractions containing active substances of dissimilar 
constitution, is held not to be justified by the evidence adduced. 
It is maintained that  i f  in any case solvent influence on rotation 
can be shown t o  exist where mutarotation is equally definitely 
shown to be absent, Armstrong and Walker’s theory may, in 
general, be regarded as disproved. Now the initial rotation of a 
mutarotatory compound i n  solution, such as lzvulose, is a datum 
independent of any consideration regarding mutarotation, and if 
the initial rotation for such a substance in different solvents be 
different, it is considered that  solvent influence exists indepen- 
dently of dvnamic isomerism, and that, therefore, the two pheno- 
mena are not necessarily connected. An examination of the muta- 
rotation curves for  lEvulose in water, in water and ethyl alcohol, 
and in water and pyridine shows that  any solvent effect revealed 
by the initial rotations is less than the errors of observation of the 
method. Solvent influences of this kind have, however, been 
detected by hlackenzie and Ghosh (A., 1915, ii, 301), and others, 
much more definite, by Lowry, for a-nitrocamphor in various sol- 
vents, whence i t  is concluded that  this compound shows a decided 
solvent influence which has nothing to do with dynamic isomerism, 
whilst i t  is also clear from Lowry’s data that  a-nitrocamphor 
exhibits a concentration effect as well, thus coming into line with 
ethyl tartrate. It is also pointed out that  i t  would be very diffi- 
cult to explain the maxima or  minima which are often found in the 
temperature-rotation curves f o r  active substances, on the assump- 
tion that  the changes in rotation are due to a variation in the pro- 
portions of two dynamic isomerides, one with a high rotation and 
the other with a low rotation. 

A Thermostat €or Polarimetric [Determinations] particu- 
larly during Sugar Inversion at High Temperatures. 
THEODOR PAUL (Zeitsch.  physilcnl. Chem., 1916, 91, 745--755).-A 
thermostat is described which may be used in connexion with a 
polarimeter in determining the amount of inversion of sucrose a t  
high temperatures. The main point about the thermostat is that  
it allows the observation tube, which is made of quartz, to lie hori- 
zontally. For mechanical details of both thermostat and observa- 
tion tube the original must be consulted. The instrument permits 
of measurements being made a t  looo. 

Action of Light on the Formation and Decomposition of 
the Hydrogen Halogen Acids. ALFRED COEHN and KARL 
STUCKARDT (Zeitsch. physikal. Chem., 1916, 91, 722-744).-The 

T. s. PA. 

J. F. S. 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
17

. D
ow

nl
oa

de
d 

on
 2

5/
10

/2
01

4 
01

:2
4:

21
. 

View Article Online

http://dx.doi.org/10.1039/ca9171205001


ii. 6 ABSTRACTS OF CHEMICAL PAPERS. 

authors have investigated the action of light on the  gaseous systems 
hydrogen iodide, hydrogen bromide, hydrogen chloride, and their 
components. The reactions have been effected by means of a 
mercury lamp in both quartz and uviol glass apparatus. I n  all 
three cases equilibrium has been reached from both sides. I n  
quartz apparatus the  decomposition proceeds t o  the extent of 92.3% 
in the case of hydrogen iodide, and this is reached in ten minutes; 
t he  formation proceeds to 7.6%. I n  both uviol glass and ordinary 
glass there is a decomposition of 100% and no formation in the case 
of hydrogen iodide. With hydrogen bromide there is 100% decom- 
position in quartz, 20% in uviol glass, and no decomposition in 
glass. The amount of formation of hydrogen bromide is zero in 
quartz, 80% in uviol glass, and 100% in glass. I n  the case of hydro- 
gen chloride there is 0.42% decomposition and 99.58% formation in  
quartz and 100% formation with no decomposition in uviol glass 
and ordinary glass. I n  the case of hydrogen bromide the reaction 
is oomplete in four hours and wit.h hydrogen chloride in less than 
five minutes. The use of the three1 types of apparatus shows the 
effect of the  different spectral regions in quartz, liqht down t o  
220 ,UIL is active, in uviol glass to 254 pp, and in Jena glass down 
to  300pp. The absorption of ultra-violet light by the halogen 
'haloids and the  halogens has been determined fo r  various thick- 
nesses of gas. 

The Flame Arc in Chemical Manufacture. W. R. MOTT 
and C. W. BEDFORD ( J .  I nd .  73n.q. Clzem., 1916, 8, 1029-1035).- 
The flame arc a t  high amperaFe is, in proportion to the  current 
used, the  most efficient source of lieht known for photo-chemical reac- 
tions. The chemical action of the white flame arc through glass 
on sensitised paper or on pphenylenediamine is three times greater 
than is t ha t  of other coloured flame carbons under similar condi- 
tions. The direct-current white flame arc has an  action on sensi- 
tised paper which can be expressed approximately by the empirical 
equation : XC1**( V - 23), where C is the current, V arc voltage, and 
K a constant having a value of 0.0085. The white flame arc is 
better suited for use with glass vessels than with quartz vessels; a t  
hieh arc voltaces the light and chemical effect increase as the arc 
voltage is raised, bu t  a t  a decreasinq rate. The use of the  white 
flame arc wens  up  manv new Dossibilities for controlling and 
changing chemical reactions (chlorination, bromination, etc.). A 
means of using an  enclosed arc lamp with flame carbons consists in 
using a shunt around the lamp resistance and solenoid on a direct 
current, o r  a reactance coil in shunt around the lamp reactance 

The Influence of different Gases on the Photoelectricitg 
of Potassium. G. WIEDMANN (Ber. DeiLt. physikal Ges., 1916, 
18, 333-338. Compare A., 1916, ii, 508).-Previous experiments 
have shown tha t  the photoelectric sensitiveness of pobssium is very 
greatly diminished and the selective nliotoelectric effect causpd to 
disappear when the metal is freed from gases by repeate'd distilla- 

J. F. S. 

coil and solenoid on an alterating current. w. P. s. 
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GENERAL  AN^ PHYSICAL CHEMISTRY. ii. 7 

tion in a vacuum. The furt.her investigation of the  influence of 
different gases on such purified potassium indicates t ha t  argon 
and nitrogen produce little change in the sensitiveness of the potass- 
ium. Oxygen increases it to a small extent, whilst hydrogen is 
exceedingly active, and there is no doubt tha t  the  photoelectricity 
of ordinary potassium is almost entirely due to the presence of 
hydrogen in the metal. This gas appears to be responsible also for 
the selective effect a t  A = 436 pp. 

Measurement of the Electrical Conductikty of Solutions 
at different Frequencies. V. Investigations on the Use 
of the Vreeland Oscillator and other sources of Current 
for Conductivity Measurements. W. A. TAYLOR and S. F. 
ACREE ( J .  Artier. Chern. Xoc., 1916, 38, 2396-2403. Compare R., 
1915, ii, 406).-The authors have examined a number of instru- 
ments for producing alternating currents with the object of ascer- 
taining which is inost suitable for use in the measurement of the  
electrical conductivity of solutions. Experiments have been carried 
out with an  induction coil, the 60-cycle city supply (Madison), a 
Holzer-Cabot wireless alternating current generator, a General 
Electric type of large generator, a Siemen's-Halske alternating 
current generator, a Vreeland oscillator working a t  500 and 1000 
cycles, and the B Vreeland oscillator, which works a t  from 160 to 
4 2 0  cycles. Oscillograms of the voltage wave of the  current pro- 
duced in each case have been prepared, and are reproduced in the 
paper. The authors find tha t  the Vreeland oscillator is the best 
and inost convenient form of instrument for producing alternating 
current for the present' purpose. It is nearly noiseless in action, 
and gives practically a pure sine voltage wave; it gives a con- 
stant frequency which is independent of the  variations in the  
actuating direct current, and it allows of the  frequency being 
changed to anything which may be1 desired in conductivity work. 

J. F. S. 

H. M. D. 

Measurement of the Electrical Conductivity of Solutions 
at different Frequencies. VI. Investigations on Bridge 
Methods, Resistances, Cells, Capacities, Inductances, 
Phase Relations, Precision of Measurements, and a 
Comparison of the Resistances obtained by the use of 
Inductance and Capacity Bridges. W. A. TAYLOR and S. F. 
ACREE ( J .  -47r ie r .  Chem. Soc., 1916, 38, 2403-2415. See preceding 
abstract).-A general investigation and discussion on the  various 
factors which affect conductivity determinations of solutions. It is 
found tha t  the Vreeland oscillator is the most convenient and suitable 
instrument for producing the  alternating current. Curtis coils on 
porcelain spools should be used for resistances above 10 ohms to pre- 
vent errors due t o  inductance and capacity effects. F o r  the greatest 
accuracy in balancing a bridge a telephone should be used which 
can be tuned t o  any desired frequency and can be attached to a 
stethoscope. A substitution method as suggested by Curtis for 
measuring resistance is advantageous, since, by simply regulating 
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the  temperature of the variable resistance it prevents errors due 
to changes in the resistances of the bridge coils, or in the induct- 
ance, caused by variations in temperature, and allows of the  direct 
reading of the resistances instead of having t o  make involved cal- 
culztions. The constant temperature-bath and the bridge should 
be earthed to avoid capacity errors. I n  order to prevent changes 
in th r  resistance of the solutions during measurements, the cells 
should be made with ground-glass joints, which should be below 
the surface of the thermostat liquid. The electrodes of the  cells 
should be supported by several glass arms to prevent them chang- 
ing their position, and the leads to the electrodes should be sealed 
05 iii glass tubes, so tha t  they may be kept clean, and changes in 
resistance thus avoided. Solutions should be made up and analysed 
by weight methods in resistance glass or quartz vessels, and trans- 
ferred- to the conductivity cell under the water of the thermostat.. 
Resistance measurements on a given solution in a given cell can 
be reproduced to  within 0.001%. Resistance measurements on 
different parts of the same solution in the same cell agree to within 
O * O l % ,  even when no precautions are taken in filling the cell. The 
resistances of aqueous solutions in cells with platinised electrodes 
do not change appreciably on keeping in the cell for twenty-four 
2?-ours. Cells with bright electrodes showed changes in resistance 
of 0*05-0.14°/, in twenty-four hours. A comparison of the resist- 
ances obtained by the  use of (1) an  inductance, and (2) a condenser 
to balance the capacity of a cell, shows tha t  the values of the resist- 
ances obtained by the  two methods are practically the same, the  
variation being only rtO*OOl?(,. J. F. S. 

Measurement of the Electrical Conductivity of Solutions 
at different Frequencies. VII. Investigations on the 
True and Apparent Resistances, Voltage, Apparent 
Capacity, Size and Character of Electrodes, Ratio of 
Inductance Changes to Resistance Changes, and the 
Relation of Induction and Capacity to Frequency. W. A. 
TAYLOR and S. F. ACREE (1. Arner. Chem. SOC., 1916, 38, 
2415-2430. See preceding abstracts).-A further paper on the 
investigation of the  various factors which affect the electrical con- 
ductivity measurements of solutions. It is shown tha t  there is 
no measurable change in the resistance of a solution, or the induct- 
ance with change in voltage, provided tha t  the cells, solutions, 
and containers are kept scrupulously clean. If the cells are not 
clean, however, there is a change in resistance with change of 
voltage, and this fact may be used as a trustworthy test of the 
cleanliness of cells. To make accurate conductivity measurements, 
the cells and methods must be so chosen tha t  the ratios of the 
resistances for a given solution in two cells, or of two solutions in 
any cell, are constant to within 0.01%. To achieve this result, 
electrode effects must be entirely eliminated. From the  fact that  
the  ratios of the resistances of N / 2 - ,  N/10- ,  and AT/20-solutions of 
sodium chloride, when measured in cells with 0.5 and 1.0 inch 
platinised electrodes respectively, did not vary more than O * O l % ,  
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GENERAL AND PHYSJCAL CHEMISTRY. ii. 9 

which is the experimental error due to all causes, and since there 
is no measurable change in the resistance of a solution with a 
change of frequency from 500 t o  2000 cycles with platinised elec- 
trodes of more than 1 inch in diameter, it follows that 1 inch 
platinised electrodes give approximately the true electrical resist- 
ances of these solutions a t  the above-mentioned frequencies, and 
they certainly do at  infinite frequencies if the resistance is above 
100 ohms. 

I n  cells with bright electrodes there is a change in resistance 
with change of frequency from 600 to 1000 cycles and higher. 
This change depends on several factors: (1) As the concentration 
of any given solution is decreased, and therefore the resistance 
increased, the change of resistance with change of frequency is 
decreased. (2) As the area of the electrode surface is increased, the 
change in resistance with change in frequency is decreased. (3) As 
the area of the electrode surface is increased, the inductance neces- 
sary to obtain a balance is decreased, and hence the apparent 
capacity of the cell is increased. (4) The higher the apparent 
capacity of the cell, and therefore the smaller the inductance 
necessary to balance this capacity, the smaller the change of resist- 
ance with change of frequency becomes. Since the apparent 
capacity of a cell is increased by increasing the electrode surface, 
platinised electrodes should give the smallest change in resistance 
with change of frequency, and this is confirmed by the authors’ 
experiments. (5) Solutions of different salts having about the 
same resistance in the same cell with bright electrodes give 
approximately the same change in resistance with change in fre- 
quency from 600 to 1000 cycles. (6) There is a specific relation 
between the electrolyte, the electrode material, the character of 
the electrode surface, and the change of capacity and resistance 
with change of frequency. This is shown by the fact that  for 
a change of frequency from 600 to 1000 cycles, N/lO-silver nitrate 
in a cell with 1 inch bright platinum electrodes gives a change of 
0*12%, a similar solution in the same cell with 1 inch rough, silver- 
plated electrodes gives a change of 0*012”/, and a N/lO-sodium 
chloride solution in the same cell gives a change of 0.052Yi. By 
comparing the resistances of N/10- and N/ZO-solutions of sodium 
chloride in two cells, one of which had bright and the other 
platinised electrodes 1 inch in diameter, i t  is shown that the ratio 
for the cell with bright electrodes is much lower a t  the lower 
frequencies than that for the cell with platlinised electrodes, bul, 
as the frequency is increased, the ratio for the cell with bright 
electrodes approached that for the cell with platinised electrodes. 
On extrapolating the resistance f o r  the cell with bright electrodes 
to infinite frequency, the ratio was found to  differ by only 0.004% 
from that given by the cell with platinised electrodes. This 
indicates that  the true electrical conductivity of solutions can be 
measured in cells with bright platinum elecbrodes only a t  infinite 
frequency. It is therefore recommended that for conductivity 
work involving an accuracy of 0.01% a Vreeland oscillator, 
giving frequencies of 500, 750, 1000, and 1500 cycles, be used, and 
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ii. 10 ABSTRACTS O F  CHEMICAL PAPERS. 

the corresponding resistances be extrapolated to  give tha t  a t  
infinite frequency. 

By substitution in the equation (I?,,,- Ilj-m.)/Ljf= K,  in which 
Rf and LJ respectively are the resistance and inductance measure- 
ments a t  a given frequency f, E m  is the resistance a t  infinite 
frequency, and K a constant, i t  is possible to calculate R, for 
any given cell and solution. The values found for R, by this 
equation differ from those found by extrapolation by only +0.01% 
to *0*025%. It4 is recommended, since there is a change of resist- 
ance with frequency, tha t  all conductivity and resistance measure- 
ments should be given a t  infinite frequency. Saturation of elec- 
trodes with hydrogen produces no appreciable change in the 
capacity of a cell a t  60 cycles, which fact shows tha t  the capacity 
does not arise from a neutral gas layer on the electrodes acting as 
a condenser. It is probably due to a double layer of ions of the 
electrolyte and of the solvent a t  and on the electrodes, and hence 
t o  contact potential by these changes of concentration arising 
from electrolysis. The ratio between the inductance measurements 
a t  600 and 1000 cycles is a constant which has the value 2.66, 
which shows tha t  the inductance is nearly inversely proportional 
t o  the square of the frequency, the ratio for the square of the 
frequency used being 2.77. As this relation holds true for a leaky 
condenser, the cell seems to  act as a resistance in series with a 
simple condenser with a leak. As the frequency is increased, the 
change in resistance of a given solution in  a given cell, and also 
the inductance necessary to balance the capacity of the cell, are 
decreased, and both approach zero a t  infinite frequency. It is 
found tha t  the ratio of ths  difference in the inductance in milli- 
henries to the difference in the resistance in ohms between 600 and 
1000 cycles is constant and equal to 2.00. The electrical capacities 
of the cells acting as leaky condensers have been measured by 
different consistent bridge methods. The capacities vary with the 
solution, size of electrodes, character of surf ace, and resistance, 
and range from 10 to 1000 microfarads f o r  bright electrodes, and 
from 500 t o  5000 microfarads f o r  platinised electrodes. 

Measurement of Electrolytic Conductivity. I. Theory 
of the Design of Conductivity Cells. EDWARD W. WASHBURN 
( J .  Amer. Chem. SOC., 1916, 38, 2431--2460).-A general dis- 
cussion on the factors involved in the measurement of electrical 
conductivity. It is pointed out tha t  theory demands the follow- 
ing alterations in  the original Kohlrausch method of conductivity 
measurement : (1) the substitution of a high-frequency generator 
giving a pure sine wave of a single frequency, in place of the  
induction coil; (2) the use of a telephone tuned to the frequency 
employed; (3) the use of resistance units free from inductance and 
capacity; and (4) a proper and efficient use of the principle of 
electromagnetic shielding. The author then discusses the arrange- 
ment of the Wheatstone bridge and the distribution of the current 
in the bridge network with the object of ascertaining the most 
suitable conditions. A general theory of cell design is next con- 

J. F. S. 
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GENERAL AND PHYSICAL CHEMISTRY. ii. 11 

sidered, from which it is deduced that the area of the cross- 
section between the electrodes of a conductivity cell must not be 
less than a certain minimum value, which is completely fixed and 
determined by the audibility current of the telephone, the time 
required to make the bridge setting, the lowest specific conductivity 
which it is desired t o  include within the range of the cell, and the 
percentage accuracy demanded in the experiments. This practiG- 
ally means that  the conductivity cell should be designed to fit the 
telephone. Three types of conductivity cells are described for use 
in measuring: (a )  water or  very dilute solutions; ( b )  dilute solu- 
tions; and ( c )  concentrated solutions. I n  connexion with the 
various cells, the author discusses : (1) the temperature-coefficient 
of the cell constant; (2) the choice of materials for the construc- 
tion of cells; and (3) the elimination of polarisation. 

Preparation of Conductivity Water. JAMES KENDALL (J .  
Amer. Chem. SOC., 1916, 38, 2460-2466).-A review of previous 
work on the preparation of conductivity water. It is shown tha t  
by distilling tap-water in Jena glass vessels and a tin condenser 
in contact with air, water of specific conductivity 0.9 x a t  25O 
can be obtained in one distillation. This specific conductivity is 
the same as that  given by a saturated solution of carbonic acid 
under atmospheric conditions. A permanent lower value for water 
in contact with air is not possible, since slow absorption of carbon 
dioxide must take place until equilibrium is established unless 
air-tight vessels are employed. It is theref ore unnecessary in 
conductivity work t o  invite the troubles involved in the prepara- 
tion of purer water than the saturated carbonic acid solution. 
The aim should rather be to  exclude all other conducting impuri- 
ties except carbonic acid, and make an exact correction for  this. 

J. F. S .  

J. F. S .  

Galvanic Ennobling of Metals. CH. 31. v - 4 ~  DEVENTER 
(Zeitsch.  plqsikal. C?&eni., 1916, 91, 687-700. Compare A., 1908, 
ii, 12, 558; 1909, ii, 958; 1910, ii, 179).-The author has examined 
the ennobling of metals by alcohol-water layers with more exact 
apparatus than was possible previously. The E.M.F. set up in 
the following types of cells has been measured : MI 1 iV/ 15-H2S0,\ 
alcohol water I MI1 and &I1 1 14' I 15-HI,S0, I water I MI1. The pairs of 
metals examined were ZnI, ZnII; CdI, CdII; Zn', MgII; CdI, MgII; 
Cd', ZnII; and SnI, CdII. I n  each case in the first type of cell 
MI constituted the positive pole, whereas in the second type it 
constitutes the negative pole. The values found were for the first 
type, ZnI, ZnII 280 millivolts, CdI, CdII 68 millivolts, ZnI, MgII 
425 millivolts, CdI, MgII 87 millivolts, CdI, ZnII 68 millivolts, and 
SnI, CdII 185 millivolts. From the measurements of the cells of 
the second type, i t  is calculated that  the metals MI1 have been 
ennobled by the following amounts in the different cases: ZnI, ZnII 
ca. 200 millivolts, Cdr, CdII 160 millivolts, ZnI, MgT1 1250 milli- 
volts, CdI, MgII 1200 millivolts, CdI ZII 250 millivolts, and 
Sd, CdII 350 millivolts. It is shown that  the ennobled metal 
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becomes coated with a film of metal sulphate which does not dis- 
solve in the alcohol-water mixture, and is a bad conductor of 
electricity. This ennobled metal is therefore to be regarded as 
an electrode of the second kind, and consequently the author's 
theory, previously published, as t o  the cause of the ennobling is 
no longer tenable. J. F. S. 

Overvoltage Tables. 111. Overvoltage and the Periodic 
Law. .EDGAR NEWBERY (T., 1916, 109, 110r-1117. Compare A,, 
1916, ii, 598).-Further measurements of cathodic overvoltage in 
1 lV-sulphuric acid and IN-sodium hydroxide solutions have been 
made, and the results show that the value for  any particular elec- 
trode is closely connected with the position of the metal in the 
periodic table. Some difficulty is presented in choosing the normal 
value of the overvoltage, and this difficulty necessitates the 
investigation of the behaviour of the metal under as many different 
conditions as possible. I n  general, cathodic overvoltages in acid 
solution are more trustworthy than those in alkali solution, f o r  
there is only one cation present in the former, whilst the latter 
contains two. 

The cathodic overvoltages fall into nine groups, the last eight 
of which correspond with groups 1-8 of the periodic table. The 
first group in the overvoltage table contains elements which show 
zero overvoltage under certain conditions. These elements are to 
be found also in one or more of the other groups. When over- 
voltages corresponding with more than one group are exhibited, 
the metal in question is known, in nearly all cases, t o  form com- 
pounds in which its valency corresponds with that of the metals 
of the groups in which i t  is placed. 

Reviewing the overvoltage table as a whole, it is found that an 
increase of the overvoltage in two equal steps occurs in passing 
from group 0 t o  11, and this is followed by a gradual fall in the 
overvoltage in passing from the second t o  the eight'h group. 

Anodic overvoltages do not show the same degree of regularity, 
and this is probably connected with the fact that  the solutions 
contain more than one anion, whilst a further disturbing factor is 
the formation of badly conducting oxides or peroxides. 

H. M. D. 

Effect of Pressure on the Potential of the Hydrogen 
Electrode. N. EDWARD LOOMIS and S. F. ACREE (J. Amer. 
Chem. Soc.,  1916, 38, 2391--2396).-A number of experiments 
have been made to ascertain the effect of pressure on the potential 
of the hydrogen electrode. For this purpose, the E.2CI.P. of the 
cell H, I Pt,O*lN-HCl I O~1KCl,Hg2C12 I Hg has been measured for 
pressures of hydrogen varying between 770.5 mm. and 709.5 mm. 
It is shown that the potential of the hydrogen electrode, at  
pressures near the atmospheric pressure, can be represented by the 
expression E = R T / 2 F .  log, H,/H,', in which H ,  and 11,' are the 
partial pressures. The average change in potential found is 
0~00001751 volt per mm., which is only 0.3% larger than the value 
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0*00001746 volt calculated by the above formula. 
of the above cell a t  2 5 O  is 0*42723&0*00003 volt. 

The mean value 
J. F. S. 

Tables €or the Electromotive Estimation of Ion 
Concentration, J. MATULA ( K o l l .  Chcm. Beihefte, 1916, 8, 
299-336) .-When the  hydrogen electrode is combined with the 
normal calomel electrode, the E.M.F. of the cell a t  20° and 760 mm. 
varies from 0.2835 to 0.6921 volt when the concentration of 
hydrogen ion falls from I N  to tha t  of a neutral solution. The 
first table gives the calculated values of [HI for all E.it1.F.'~ 
within this range, the interval being 0*0001 volt. The second table 
gives the values of [OH'] for 3.21.I.F.'~ between 0.6921 and 1.1007 
volt, which corresponds with the  change from a neutral solution 
to a solution for which [OH']=lN. 

When the pressure and temperature differ from the  above values, 
corrections a re  supplied by supplementary tables. 

Potential of the Mercury Electrode against the 
Mercurous Ion. G. A. LINHART ( J .  Amer. Chem. Soc., 1916, 38, 
2356--2361).--The work of Ogg (A., 1899, ii, 14) on the  potential 
of t he  mercurous ion, using solutions of mercurous nitrate, shows 
t h a t  the  mercurous ion is Hg,", and tha t  this is ionised further to 
Hg' ions. The present paper deals with the nature of the mer- 
curous ion, bu t  instead of mercurous nitrate, mercurous perchloEate 
is used. The advantage of using this salt is t ha t  it is hydrolysed 
to  a very slight extent, and the  products of hydrolysis are soluble 
in water (Ley, A., 1904, ii, 465). Potential measurements have 
been made! of cells of the type Hg I Hg2(C10,),RC1O, 1 hydrogen elec- 
trode, in which the  concentrations of perchloric acid varied from 
0.0059N to 0.0817N7 and the  mercurous perchlorate from 
0-0000531N t o  0.002750N. From a large number of measurements 
it is shown tha t  the  best value for the  potential of the mercurous 
electrode is - 0.7928 volt. No regular deviations from the theoreti- 
cal value of the  E.rV.F. are observed, from which it is deduced t h a t  
no appreciable ionisation of the type Hg," Z 2Hg' occurs even 
in the  most dilute solution examined. 

H. M. D. 

J. F. S. 

Tenth Normal Hydrochloric Acid Calomel Electrode. 
N. EDWARD LOOMIS and MERLE R. MEACHAM ( J .  Amer. C'hem. SOC., 
1916, 38, 2310-2316).-A long and careful series of E.N.P. 
measurements have been made of cells of the type H,,Pt 1 O.lNHC11 
Hg,Cl,(Hg a t  2 5 O  with the  object of comparing this cell with the  
cell H,,Pt 1 O.l.XHC11 1O.lA~KCIl Hg,Cl, I Hg .  It is found tha t  the 
E.M.F. has the value 0*3988_+0*0002 volt a t  25O, and tha t  t he  
hydrochloric acid calomel electrode is not as trustworthy as the  
potassium chloride calomel electrode. The constancy of the hydro- 
chloric acid calomel electrode is greater, the greater the concentra- 
tion of the acid, and below 0*03N the value cannot be depended 
on. The variations in the  E.X.F. of this system are probably due 
t o  a chemical change in the  calomel electrode, by which the  poten- 
tial varies with time. This series of experiments indicates that ,  
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within the limits of experimental error, N /  10-hydrochloric acid and 
N/lO-potassium chloride are ionised to the  same extent within 
Jimits of 1%. 

Thermodynamic Properties of Silver and Lead Iodides. 
HUGH STOTT TAYLOR ( J .  drrzer. Chem. Soc., 1916, 38, 2295-2310). 
-A series of B.rl1.P. measurements of cells of the type 
P b  IPbI ,~N/zKI IAgT1  Ag have been made a t  Oo and 25O. The 
value of x=10 and 20. The object of the measurements was to 
ascertain whether the assumptions made in the Nernst heat theorem 
were justifiable, and to ascertain whether the  results of Fischer 
(A., 1912, ii, 536, 1054), Braune and Koref (A,, 1914, ii, 536), and 
Jones and Hartinaim (A., 1915, ii, 308) were trustworthy, since 
these led to diametrically opposite conclusions with regard t o  the  
Nernst theorem. The following results were obtained : N / s = 0 - 0 5  ; 
a t  25O, s=O*21157 volt; a t  Oo, ~=0 '21475 volt, whence the tempera- 
ture-coefficient = -0.000127 volt per degrees and U =11500 cals. 
N/z=O. lO;  a t  25O, ~ = 0 * 2 1 0 6 9  volt; a t  Oo, ~=0*21415  volt, whence 
the  temperature-coefficient = - 0.000138 volt per degrees and U = 
11610 calories. This gives as the1 mean heat of reaction of the 
change Pb + 2AgI = PbI, + 2Ag, U = 11550 550 cal. 

This value agrees well with the value obtained from the best 
calorimetric data. The above' value, when used to test the validity 
of the assumptions made in the Nernst heat theorem, leads to the 
conclusion tha t  FO far as the present experimental data with regard 
to  specific heats may be employed the  assumptions made in the  
theorem are justified. 

Inclusions in the Silver Voltameter. T. W. RICHARDS 
and F. 0. ANDEREGG ( J .  Amer. Chcm. Soc., 1916, 38, 2044-2046). 
-A note emphasising the importance of the work of Vinal and 
Bovard (compare A., 1916, ii, 213) on the1 inclusion of mother 
liquors in  the crvstsls deposited in the silver coulometer. The fact 
t ha t  platinum-black has a marked effect on the silver deposited, as 
shown by Vinal and Bovard, renders necessary the  repetition of 
work by the authors on '' volume effect " (compare A., 1915, ii, 81, 
308) to  see how f a r  this source of error may have invalidated their 
results. W. G .  

J .  F. S. 

J .  F. S. 

The Theory of Electrolytic Ions. VIII. The Mobility 
of some Inorganic Complex Ions. RICHARD LORENZ and I. 
POSEN (Zpitsch. nnory. Chem., 1916, 96, 81-98. Compare A., 
1916, ii, 312).--The transport numbers of sixteen cobalt and 
platinum complex salts have been determined by Hopfgartner's 
method, using cadmium anodes. The conductivity of the same 
salts has been determined, and a comparison of the two values 
leads t o  constitutions in accordance with Werner's views. The 
figures are tabulated. 

The Ratio of the Boiling Point to the Critical Temperature. 
W. HERZ (Zez'tsch. anorg. Chem., 1916, 96, 289-290. Compare 
ibid., 1916, 95, 253).-It has been shown by Guye (Ball. Soe. chirn., 

C. H. D. 
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1890, [iii], 4, 262) tha t  the boiling point of organic liquids under 
10-20 mm. pressure is one-half of the critical temperature. It may 
b.3 assumed tha t  the boiling point under any given pressure is a 
constant fraction of the critical temperature. C. H. D. 

Free Energy of Bromine Compounds. GILBERT N. LEWIS 
and MERLE RANDALL ( J .  Amer. Ckern. Soc., 1916, 38, 2348-2356). 
-A theoretical paper, in  which the authors have calculated the  
free energy of the  various forms of bromine, of the  bromide and 
polybrornide ions, and of all the  known compounds of bromine 
with hydrogen and oxygen. I n  the calculations the available data 
have been reviewed, and the most probable values used in each case. 
The following values are obtained a t  25O on the assumption tha t  
liquid Fromine, a t  this temperature possesses zero free energy; 
gaseous bromine, 755 cal.; solid bromine, 157 cal.; bromine in 
carbon tetrachloride solution of N strength, 389 cal. ; aqueous 
bromine, 977 cal. ; dissociated bromine atoms, 22328 cal. ; gaseous 
hydrogen bromide, - 12592 cal. ; bromide ions (Br’), - 24594 cal. ; 
tribromide ions (Br3/), - 25267 cal. ; pentabromide ions (Br5’), 
- 24400 cal. ; aqueous hypobromous acid, - 19739 cal. ; and bromate 
ions (Br03’), 1690 cal. 

Transition of Na,SO,. ERNST JANECKE (Zeitsch physzknl. 
Chem., 1916, 91, 676-686. Compare A., 1916, ii, 551).-A repe- 
tition of work previously published (Zoc. cit.). It is shown tha t  no 
transition occurs a t  385O with anhydrous sodium sulphate. The 
present experiments were made with a lever pressure apparatus, 
whereas the former pressure apparatus was hydrostatic in its action, 
The irregularities in the pressure-temperature curve previously 
obtained are shown to be due to loss of oil from the pressure 
cylinder. J. F. S. 

The Determination of Dissociation Temperatures with 
the Aid of Cooling and Heating Curves, especially for 
Cobalto-cobaltic Oxide. J. ARVID HEDVALL (Zcitsch. unorg. 
Chern., 191 6, 96, 64--‘10).-The dissociation temperature under 
atmospheric pressure is determined by ’heating the  oxide in a porce- 
lain tube in a carbon tube furnace. The cooling and heating 
curves are taken by means of a thermo-couple. Cobaltous oxide 
gives a smooth cooling curve in  nitrogen o r  carbon dioxide, bu t  in 
oxygen there is a change of direction a t  about 700O. On heating, 
dissociation sets in  a t  900°, whatever atmosphere be used. This 
temperature is higher the more compact the oxide. The most com- 
pact form, prepared from nitrate, has a dissociation temperature of 
959O, Foote and Smith (A., 1908, ii, 847) having found 965O by the 
statical method. C. H. D. 

The Atomic Theory. VIII. Space Filling and Mobility 
of Complex Inorganic Ions. RICHARD LORENZ and I. POSEN 
( Z e i f s c l ~ .  anorg. Chenz., 1916, 96, 217-230. Compare A., 1916, 
ii, 312).-The hypothesis proposed by Lorenz and his collaborators 
is tested by application t o  the case of inorganic complex ions of 

J. F. S. 
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known constitution. For this purpose the density of a number 
of complex cobalt and platinum salts has been determined, using 
pure benzene in the  pycnometer. For dehydration, the  hydrated 
salts are heated in a vacuum over barium oxide. The density a t  
t he  absolute zero is calculated by adding 3% to the value a t  the 
ordinary temperature, this method being sufficiently accurate, as 
only the  cubel root of the molecular volume enters into the calcula- 
tion of the  dimensions of the  ions. The electrical conductivities are 
taken from the authors' previous papers. The volumes of the 
chlorine and bromine ions a re  taken from those determined by 
optical means by Heydweiller (A,, 1913, ii, 645)' and the mobilities 
of fifteen inorganic complex ions are then calculated and compared 
with the  experimental values. With the  exception of the aquo- 
salts, all the ions examine'd fall within two limits, one of which 
is t ha t  given by close tetrahedral packing and the other by van der 
Waals's equation. Thus these,likel the organic ions, move1 with a 
velocity corresponding with the law of Stokes and Einstein. Stereo- 
chemical conditions are without influence, and no difference is 
observed between ions with the  co-ordination numbers 4 and 6. I n  
many cases, t he  true volume falls with increasing apparent volume. 

C. H. D. 

The Kammerlingh Onnes Equation of Condition and 
the Theory of the Capillary Layer. G. RAKKER (Zeitsch. 
physikrtl. Chem., 1916, 91, 641-675. Compare A., 1915, ii, 614, 
818; 1916, ii, 553).-A theoretical paper, in which the  author 
further develops his theory of the  capillary layer. It is shown by 
calculation tha t  the theoretical par6 of the isotherm of Kammer- 
lingh Onnes has a wave form. If p1 and p2 are respectively the 
densities of liquid and vapour in equilibrium and ,u(p,) and p(pg) 
the  values of the corresponding thermodynamic potentials, then it 
is known tha t  p(nl) f p ( p 2 ) .  The author's theory then states that  
if between the  liquid and vapour phase there is an  horizontal 
capillary layer, p ( p l )  = p(p?) =p[(p l  ;t p2) /2 ] .  This can be expressed 
as follows: The density of t ha t  point on the1 labile portion of the  
isotherm where the thermodynamic potential has the same value 
as the usual liquid and vapour phase is the mean of the densities 
of the liquid and vapour. This statement has been proved in the 
case of carbon dioxides, where it is shown tha t  a t  Oo ,u(p1)=3.2616, 
p ( 0 2 )  = 3.3787, and p [ (p l  + p 2 ) / 2 ]  =3*2516 ; other values are1 given 
for loo, 20°. and 30°, all of which, like the above figures, show the 
t ru th  of the statemeat. Hence, where the equation of condition 
fulfils the  relationship ,u(nl)  =p(02)  there also are the  conditions of 
the author's theory fulfilled. The radius of the smallest particle 
of vapour of carbon dioxide a t  20° is calculated, and the value 
R,T,i,,. = 2.25 millimicrons found ; a similar value1 for the smallest 
drop of liquid a t  the same temperature is found to be Rlllin, =2  milli- 
microns. It has been previously shown (Zoc. c i t . )  tha t  the thick- 
ness of the capillary layer of carbon dioxide a t  20° is <=2.5 pp. 
Hence it follows tha t  these two quantities are of the same order. 
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The same quantities have been deduced for Oo, and practically iden- 
tical values obtained, If pi and p 2  are the densities of the  liquid 
and vapour phases respectively, and p tha t  oi  the capillary layer, 
3 and R respctively the  thickness and radius of t he  capillary layer, 
then for every curved capillary layer the  following relationships 

7 (R/23+ 5(/24R), where pr is the pressure in  the  long dlsection 
of the  capillary layer and p1 and fi the  pressures of the  homogene- 
ous phases. The negative sign applies t o  liquid drops, and the  
positive sign t o  vapour bubbles. I n  the case of a horizontal 
capillary layer, R = m  and pl=p2,  and the  equations become 

As a consequence of the author's theory, the  pressure in the  long 
direction of a capillary layer (horizontal or  curved) has the  same 
value as the  pressure a t  t ha t  point in the  labile par t  of the  theoreti- 
cal isotherm where the  thermodynamic potential has the same 
value as in the  homogenecus phases which the  capillary layer sepa- 
rates. It is shown by calculations tha t  the  Kammerlingh Onnes 
equation of condition confirms this deduction. If in  an  isothermal 
diagram the pressure (in the long direction) and the specific volume 
of every curved capillary layer are plotted, then the curve drawn 
through thew points represents the  labile portion of t he  isotherm 
for the  given temperature. 

Osmotic Pressure of Colloids. VI. Osmotic Pressure 
of Gelatin. WILHELM BILTZ, GUNTHER BUGGE, and LUDWIG 
MEHLER (Zeitsclt .  physikal. Chem., 1916, 91, 705-721. Compare 
A., 1910, ii, 22, 673; 1911, ii, 702; 1913, i, 593, 832).-The authors 
have determined the osmotic pressure of solutions of nine varieties 
of gelatin, a t  20°, a t  concentrations varying from 0.042% to 
0'265%. From the  osmotic pressure values the molecular weight 
has been calculated, and found to vary from 5500 to 31,000 for the  
different varieties. It is shown tha t  the mineral matter contained 
in the gelatin has no influence on the osmotic pressure. A series 
of gold numbers was determined f o r  the various samples, and a 
series of viscosity measurements was made for 0.05%, O. lO%,  and 
0.20% solutions of each variety after the1 solution had been made 
u p  twelve hours, twenty-four hours, and seventy-two hours. It is 
shown that,  just as in the  case of dextrin, the larger the  molecular 
weight the1 better the protective action, and the  greater the mole- 
cular meight the greater the viscosity. The authors therefore pu t  
forward as a general rule the  statement: That in highly dispersed 
colloids the  viscosity increases with increasing size of the particles, 
and the gold number, where such can be determined, decreases with 
increasing size of the  particles. I n  an  addendum details are given 
of the  osmotic pressure of protein from horse serum. It is shown 
tha t  the molecular weight is about 53,500. J. F. S. 

Solubilities of Liquids in Liquids. Partition of the 
Lower Alcohols between Water and Cotton-seed Oil. 
B. B. WROTH and E. EMMMET REID (J. Amer. Chem. SOC., 1916, 38, 
231 6-2325) .-The solubilities of methyl, ethyl, propyl, isobutyl, 

hold: r ~ - ( ~ 1 + ~ ~ ) / 2 ] 1 ~ 1 - ~ ) . l =  T53/24B and @ T . - ( P ~  +pJ/2]!13?-1).2= 

[ P  - (P1-t Pz> / 21 / (P1 - Pz) = 0 Or P = ' P I  + P J 2 '  

J. F. S. 
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and isoamyl alcohols have been determined in cotton-seed oil by 
calculation from the  partition-coefficient between water and cotton- 
seed oil. If S a  and Sb represent respectively the solubilities of the  
alcohol in water and oil, C a  and C b  the concentrations in the same 
two solvents a t  equilibrium, and k the partition-coefficient, then 
Sa/Sb=li=C,/Cb. The values of C a  and c b  were determined ex- 
perimentally, and k calculated, and then either Sa or Sb was experi- 
mentally determined. The analysis of the two layers after parti- 
tion was effected by means of an interferometer. The following 
values of k were obtained a t  25O: methyl alcohol, 103.6: ethyl 
alcohol, 28.3 ; propyl alcohol, 6.41 ; isobutyl alcohol, 1-70; and 
isoamyl alcohol, 0.47. Methyl alcohol dissolves to the extent of 
4.84 grams in 100 C.C. of cotton-seed oil, ethyl alcohol 21.2 grams 
in 100 C.C. of oil, and propyl, isobutyl, and isoamyl alcohols are 
soluble in all proportions. On calculating the1 solubility of methyl 
and ethyl alcohols in water from the) above data, the figures 505 and 
600 grams per 100 C.C. are obtained respectively. The authors 
point out t ha t  these figures represent ideal solubilities which could 
be realised if water and alcohol were separated by a semipermeable 
membrane through which only the alcohol molecules could pass. 

J. F. S. 

Crystal Stereochemistry. F. RINNE (Zeitsch. anorg. Chem., 
1916, 96, Livl, 317-352).-The representations of crystal structures 
which have been deduced by the1 X-ray method, such as those put 
forward by W. H. and W. L. Bragg for rock-salt, zinc blende, 
pyrites, and calcspar, are to  be regarded as crystal stereochemical 
formulze. The conception of the crystal structure as purely atomic 
is held to be false (compare Niggli, A., 1916, ii, 300). Structural 
groups of atoms are clearly discernible, for instance, in the struc- 
tures of calcite and corundum, and physico-chemical considerations 
clearly point to the  existence of combination of a rigid character 
between the mathematically-considered distinct particles. The 
number of molecules contained within the  unit space-lattice, how- 
ever, bears no relation to the molecular complexity of the substance 
in the  crystal. A crvstal may be built up of similar, similarly orien- 
tated atoms, as  in diamond; in other cases the atoms may appear 
in symmetrically distributed groups ; or, finally, the structure may 
be partitionable into atomic complexes of a molecular character. 
The atomistic conception of Groth and the molecular theory of 
Bravais can thus be reconciled. 

The forces of affinity between the atoms in the  crystal can be 
supposed to act along the  straight lines joining neighbouring 
particles, either the1 whole or a fraction of a valency being directed 
along each line. Thus in zinc blende, a zinc atom is tetrahedrally 
disposed towards four sulphur atoms, and may distribute its two 
valencies equally in the four directions towards these atoms. The 
affinities of the bivalent sulphur atom are similarly split up between 
four zinc atoms. I n  sodium chloride the affinity of each sodium or 
chlorine atom may be' supposed to be partitioned a m o y  six neigh- 
bours. A connexion is traceable between such considerations and 
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Werner’s theory of principal and subsidiary valencies (compare 
Pfeiffer, A., 1916, ii, 228). 

The Laue diagram is of use in  determining the  principal zones 
and zone axes of a crystal structure, and to  some extent t he  sym- 
metry, although it only distinguishes eleven of the thirty-two 
classes. It also shows the relation between the  forms of a poly- 
morphous substance, between isomorphous substances, or between 
morphotropically related substances, such as the monoclinic and 
triclinic felspars. 

The crystallinel state is characterised by a three-dimensional 
periodic and straight-line orientation of similar particles, together 
with the capability of an indefinite extension of t he  structure, 
according to  the same periodicity, in any direction. Amorphous 
substances lack this combination of properties. Liquid crystals 
occupy an  intermediate position. =ere the  intermolecular forces 
a re  not strong enough to build up a space-lattice structure, bu t  a t  
the same time are sufficient to bring about a regular orientation of 
the  particles with respect to a molecular axis. E. H. R. 

Constitution and Fundamental Properties of Solids 
and Liquids. I. Solids. IRVING LANGMUIR (J .  Amer. Chem. 
Soc., 1916, 38, 2221--2295).-A long, theoretical paper, in which 
the  work of Bragp is considered from the point of view of chem- 
istry and its relation to  the theories of chemical constitution, due 
t o  Werner, Stark, J. J. Thomson, and Lewis, and discussed in con- 
siderable detail. From the discussion the conclusion is drawn tha t  
t h e  substances which have been studied bv means of their X-ray 
spectra are not representative of compounds in general, since only 
polar compounds were considered. Solid polar compounds are, 
as a rule, built up of atoms bound toqether bv residual valencies, 
and in these cases the whole crystal must be reqarded as a single 
molecule. Solid, non-polar compounds consist, in peneral, of ( (  proup 
molecules,” in which the atoms are held toqether by primary valen- 
cies. These croup molecules are bound topether by secondary 
valencies to form a large “crystal molecule,” which includes the  
whole solid mass. 

There is a t  present no justification for dividinq intermolecular 
or interatomic forces into physical and chemical forces. It is 
betxer to reeard all such forces as strictlv chemical. Evaporation, 
condensation, solution, crpstallisa tion, adsorption, surface1 tension, 
etc., should all be re,aarded as tvnical chemical phenomena, and it 
is the  object of the  present paper to show tha t  these procesqes c m  
be so treated. From a consideration of specific heat, compressibility, 
and coefficient of expansion it is deduced tha t  collisions do not 
occur between the  atoms of solids, h a t  tha t  these move about 
equilibrium pcsitions under the influence of both attractive and 
repulsive forces. The “ time of relaxation ” of the atoms of solids 
is calculated anrsroxima telv from the thermal condnctivitv, and is 
shown to be of the order lO-7 - lO-*4  second. Somewhat similar 
results are obtained from a, calculation based on the  rate of eva- 
poration in a vacuum. Consequently, the time required by an 
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atom of a solid t o  reach thermal equilibrium with the surrounding 
atoms is very small in comparison with the time required to make 
a single oscillation about its equilibrium position. The oscillations 
are thus very strongly damped. Since solid substances am, in 
general, held together by residual valencies rather than by primary 
valencies, there are few limitations t o  the number of compounds 
which can exist in the solid statel. Most of these compounds do not 
show a composition which could be predicted from the valency 
rules. A discussion is entered into on this point in the caw of 
intesmetallic compounds, minerals, solid solutions, and glasses. 
From a consideration of compressibility it is deduced that the 
attractive forces between atoms usually reach a maximum intensity 
when the distance between adjacent atoms in solids is increased 
by about 0.6 x lo-* cm., that  is, by about 10-30% of the normal 
distance. Since energy must bs  expended in breaking apart a 
solid, the surfaces of solids must contain more potential energy 
than do the corresponding number of atoms in the interior. Since 
this pctential energy is probably electromagnetic energy in the 
field between the atoms, the interatomic forces are more intense 
on the surface than in the interior. This intense surface field of 
force (unsaturated chemical affinity) is one of the causes of the 
phenomena of condensation and adsorption. Because of the small 
time of relaxation and because an atom approaching the surface 
is attracted by many atoms and later is repelled by a few atoms, it 
follows that the surfaces of solids are almost entirely inelastic to 
collisions of molecules impinging on them. As a result, nearly 
every molecule o r  atom striking a solid surface condenses, no matter 
what the temperature may be. Whilst condensed, i t  is held t o  the 
surface by forces similar t o  those holding solids together (primary 
or secondary valencies). A t  high temperatures evaporation may 
t'ake place immediately after condensation, but a t  lower tempera- 
tures the condensed atom o r  molecule may remain indefinitely. A 
general discussion of sublimation is entered into. It is shown that  
the rate of evaporation, m, of a substance in a high vacuum is 
related to the pressure of the saturated vapour, p ,  by the expres- 
sion m = ( p M / Z n R T ) + .  Red phosphorus is not in agreement with 
this relationship. 

The mechanism of the dissociation of a solid, such as calcium 
carbonate, is discussed. It is shown that when, according to the 
phase rule, separate phases of constant composition are present, the 
reaction must take1 place a t  the boundaries of these phases. This 
kinetic interpretation of the phase rule indicates the) distinction 
between reactions in which solid solutions are formed and those 
in which selsarate phases appear. This theory offers an explana- 
tion for the fact that  hydrated crystals frequently fail to effloresce 
until scratched, and for  the fact that  completely dehydrated sub- 
stances of ten absorb moisture) with difficulty. 

Adsorption is a direct consequence of the time lag between the 
condensation and subsequent evaporation of molecules ; the) 
adsorbed substance may be held t'o the surface by either primary or 
residual valencies; in either case it is better t o  regard the pheno- 
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mena as entirely chemical in character. A large number of experi- 
mental results are given to prove that adsorption is very frequently 
the result of the strongest kind of chemical union (primary 
valency) between the atoms of the adsorbesd substance and the 
atoms of the solid. 

It is shown that the action of a typical catalyst poison depends 
on the formation of a very stable film, one atom thick, over the 
surface of the catalyst. The chemical activity of a solid surface 
depends on (1) the nature of, (2) the arrangement of, and (3) the 
spacing of the atoms forming the surface layer. There is a very 
close relation between the chemical activity of a surface and the 
electron emission from it. 

A quantitative development of this theory of heterogeneous 
reactions is given, and a law of surface action, analogous to,  but 
different from, the law of mass action, is proposed. This theory is 
in accord with, and affords an explanation of, Reichinstein’s (‘ Con- 
stant Sum Hypothesis.” An application of this theory is made in 
the cases of hete’rogeneous gas reactions and to enzyme action. 

J. F. S. 

Protective Colloids. Radix Althaeae as Protective 
Colloid. A. GUTBIER and 0. L. WEISE (Kolloid Zeztsch., 1916, 
19, 177-191. Compare A,, 1916, ii, 556).-The preparation and 
general properties of the colloidal solutions obtained by extract- 
ing the roots of marsh mallow are described. It is difficult to 
obtain optically clear extracts by filtration, but the addition of 
ethyl acetate is found to be of great assistance in the achievement 
of this result, and this reagent a t  the same time increases very 
markedly the stability of the solutions. 

The behaviour of the solutions on dialysis, tphe phenomena oE 
ageing, the influence of concentration and of electrolytes on the 
stability are described in detail. I n  an electrical field, the colloidal 
particles move to the anode, and this phenomenon is independent 
of the previous history of the solution. 

Relation between the Chemical Constitution of Organic 
Compounds and their Capacity to Coagulate Acid Gold 
Hydrosols. JOHN A. GANN (Koll. Chenz. Bezhefte, 1916, 8, 
251--298).--The coagulating capacity of a large number of sub- 
stances has been examined by measuring the “gold number,” the 
substances investigated including albumoses, peptones, poly- 
pep tides, dyes, alkaloids, amines, and various heterocyclic com- 
pounds. 

The results obtained show that the coagulating capacity of these 
nitrogen compounds depends on the presence of basic nitrogen 
groups, but that, apart from this, it varies considerably with the 
constitution of the substance. The auxochromic hvdroxyl group 
increases the activity, although its effect is less marked than that 
of the amino-group. Certain configurations, such as those peculiar 
to the azines, thioazines, oxazines, and acridine derivatives also 
increase the coagulating activity, whilst chromophoric groups have 

H. M. D. 
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the opposite effect, and this is the more pronounced the more 
strongly acid the  chromophoric group is. ‘l’he less active a sub- 
stance is found to be, the greater is the  effect which is produced 
by the introduction of a new group 

With  certain exceptions, the gold number for a particular sub- 
stance is almost independent of the concentration of the coagulant. 
It varies, however, t o  some extent with the degree of dispersity, 
the concentration, and the  acidity o r  alkalinity of the gold solution. 

The coagulation process is in most cases to be regarded as 
brought about by ions, although in the case of the albumins it may 
be due to the mutual interaction of oppositely charged colloidal 
particles. The behaviour of gelatin shows tha t  it may act either 
as a protective colloid or as a coagulant, and the actual results 
which have been obtained with this substance are discussed in 
detail with special reference to its amplioteric character. 

H. M. D. 

The Phenomena of l1 Clot ’ ’ Formation. IV. The Diphasic 
Erosive Action of Salts on the Cholate Gel. S. B. SCHRYVER 
and MARY HEWLETT (YTOC. Roy. Soc., 1916, [B] ,  89, 361-372. 
Compare A., 1916, i, 448).-The erosive action of salts on the 
cholate gel containing added salts was investigated. If the concen- 
tration of the salts in the eroding solution are plotted as abscisse 
and the amount of erosion as ordinates, a curve of diphasic 
character is obtained. The amount of erosion increases with 
increasing concentration to a maximum, after which it diminishes 
to  a minimum ; with further increase in concentration, the erosion 
increases continuously. The portion of the curve between the two 
minimal points is designated the “ zone of instability.” The 
breadth of this zone, and the  amount of erosion within it, are func- 
tions of the amount of salt added t o  the gel. The amount of erosion 
and the breadth of the “zone of instability” vary with different 
eroding salts. The order of the action of chlorides is as follows: 
LiC1)NaCl (generally) >MgCl,>KCl. This is the order of their 
action in increasing the permeability of vegetable cells. The action 
of sodium salts of organic acids was also investigated, and in all 
cases the general form of the curves was the same (cliphasic). The 
antagonistic action of calcium salts was also examined, and it was 
found tha t  relatively more calcium was necessary to antagonise 
the erosive action in the “zone of instability ” than in higher con- 
centration. The various physicochemical factors involved are dis- 
cussed by the authors, and also the bearing of the results on certain 
biological problems. S. B. S. 

Fibrin and its Relationship to Certain Questions in 
Biology and the Chemistry of Colloids. X. The Two 
Kinds of Fibrin Sols and their Relations to the Concep- 
tions of Colloidal Solutions, E. HEKMA (Biochem. Zeztsch., 
1916, 77, 249--256).-Attention is directed to the distinction 
between the two kinds of sols, one of which is formed from solid 
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fibrin particles in the very finest state of subdivision which exist 
without water of imbibition, whilst the other is formed from par- 
ticles of semi-fluid form with water of imbibition, which is taken up 
by fibrin in the presence of alkalis and acids. S. B. S. 

Fibrin in its Relationship to Certain Questions in 
Biology and the Chemistry of Colloids. XI. The Three 
Kinds of Fibrin Gels. E. HEKMA (Uzochenz. Zeztsch., 1916, 77, 
256--267).-A discussion of the processes of gel formation. 

S. B. S. 

The Law of Reaction Velocity and of Equilibrium in 
Gases. Tae Additivity of C, -;R. New Determinations 
of the Integration Gonstants and of the Molecular 
Diameter. ibiax IRAUTZ (L5emcl.L. uno?g. L'liem., 1916, 3b, 1-26. 
Compare A., 1914, ii, 457; 1916, ii, 304).-It is assumed that when 
two molecules collide in an ideal gas, either the collision lasts only 
for a very short time, when no result is produced, or else it lasts 
for a time comparable with that between the collisions, in which 
case a chemical reaction takes place. Starting from the usual 
assumptions of thermodynamics and of the theory of gases, together 
with the author's principle of the additivity of the internal atomic 
heats, it is possible to calculate the integration constants of gas 
reactions and .to compare them with the experimental values. All 
reactions in gases may be regarded as of the first or second order, 
all reactions of apparently higher order being regarded as due t o  
successive collisions of pairs of molecules. 

These considerations are applied t o  all the gas reactions of which 
the velocities have been determined. The constant K is found 
to have an average value of 1012 mols. per C.C. per second, but the 
values for different reactions given vary between 2.5 x 1011 and 
10IG. The heat of activation, qo, is also found t o  be constant. 
For the case of nitrosyl chloride, the molecular diameter is calcu- 
lated t o  be 3-45 x 10-8 cm. C. H. D. 

The Velocity of Hydration of Metaphosphoric Acid. 11. 
D. BALAREFF ( Z e i t s c h .  anorg. Chem., 1916, 96, 99-107. Compare 
A., 1911, ii, 974).-The molecular weight of orthophosphoric acid 
in dilute glacial acetic acid solution corresponds with the simplest 
formula. The hydration of metaphosphoric acid is affected by the 
presence of either acetic o r  sulphuric acid in the solution, and 
the results suggest that  the unimolecular acid has the greater 
velocity of hyGration. The meta-acid is rapidly hydrated by dis- 
solving in concentrated hydrochloric or  nitric acid. The course 
of the reaction when phosphoric oxide is dissolved in water has 
been followed by titration wit,h sodium hydroxide, using methyl- 
orange and phenolphthalein as indicators. Only the meta-acid is 
obtained in ice-cooled water. The results obtained in previous 
papers are summarised. C. H. D. 
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The Reaction of both the Ions and the Non-ionised 
Forms of Acids, Bases, and Salts : the Reaction of Methyl 
Iodide with Sodium, Potassium, and Lithium Ethoxides 
at 0". BESSIE M. BROWN and S. P ACREE (J .  L4mer. Chem. SOC., 
1916, 38, 2145-2156. Compare Robertson, A., 1915, ii, 406, 
681; Taylor and Acree, A., 1916, ii, 423).-A study of the rates of 
reaction between methyl iodide and sodium, potassium, and 
lithium ethoxides at  Oo, the concentrations of the ethoxides vary- 
ing between N / 1  and N/32. The activity, Ki, of unit concentra- 
tions of the ethoxide ion, calculated from the data obtained, was 
the same whichever ethoxide was used, and the average value was 
0.0051 at  Oo. The value, K,, for the non-ionised molecule varied 
with the ethoxide, being about 0*0030 for sodium ethoxide, 0.0034 
for  potassium ethoxide, and 0-0020 for lithium ethoxide. The 
solutions used being concentrated, the values obtained will need 
to be corrected later for the various physical constants, such as 
viscosity, specific gravity, etc., which are modified by the different 
substances present. The results obtained support the general 
theory as to the activity of both the ions and the non-ionised 
portion of acids, bases, and salts. W. G.  

The Hydrolysis of Hexahydropyrimidine. GERALD FJ. K. 
BRANCH ( J .  Amer. Chem. SOC., 1916, 38, 2466-2474. Compare 
Titherley and Branch, T., 1913, 103, 330).-In the first part of 
the paper the author discusses the effect of the hydrogen ion on 
additive reactions of an allelotropic mixture, which involves a tauto- 
meric shift about a nitrogen atom, and points out that in such 
cases the hydrogen ion may be expected to act as a negative 
catalyst. The rate of hydrolysis of hexahydropyrimidine was 
measured at  two different temperatures and with varying hydrogen- 
ion concentrations, the results obtained being in agreement with 
the theory. The reaction was found t o  have a high temperature- 
coefficient, the mean values of K ,  found being 3-67 .10-3  a t  2 5 O  
and 1.46.10-3 a t  18.4O. Alcohol increased the rate of hydrolysis 
of hexahydropyrimidine. At low concentrations, sodium chloride 
increased the rate of this reaction, but a t  higher concentrations i t  
acted as a negative catalyst. 

A Period of Induction in the Dehydration of some 
Crystalline Hydrates. WILLIAM NORMAN RAE (T., 1916, 109, 
1229--1236).-The rate of dehydration of crystals of copper 
sulphate pentahydrate has been investigated with the object of 
determining the cause of the induction period which is associated 
with the process. Mechanical stirring of the finely powdered 
crystals increases the initial rate of dehydration, and inoculation 
with crystals of the trihydrate produces the same effect. I n  the 
later stages, the progress of the dehydration is in approximate 
agreement with the equation for a unimolecular reaction. 

The results obtained in respect of the initial period suggest' a 
close analogy with the behaviour of supersaturated solutions, and 
if this view is correct, i t  may be that the induction period is to 

W. G.  
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be referred to the relatively high vapour pressure of very small 
particles of copper sulphate trihydrate as compared with the 
vapour pressure of larger particles. By taking into account the 
influence of the size of the particles on the vapour pressure of the 
lower hydrate, i t  is unnecessary to assume the intermediate forma- 
tion of an unstable amorphous form, a view advanced by Partington 
(T., 1911, 99, 466) t o  account for his observations on the variation 
in the vapour pressure of crystalline hydrates. 

Saponification of some Esters of Pyrroledicarboxylic 
Acid at 50". G. KORSCHUX and A. GOUNDER (BUZZ. SOC. chim., 1916, 
[iv], 19, 366-392; J .  Russ. Phys. Chem. SOC., 1916, 48, 637-667). 
-A continuation of previous work (compare A., 1916, i, 606; 
ii, 525). Starting with ethyl 2 : 5-dimethylpyrrole-3 : 4-dicarb- 
oxylate, the authors have examined the effect of introducing a 
methyl group into position 1, and then substituting this in turn 
by an amino-, a carbamido-, and a phenyl group on the rate of 
saponification of the first and second carbethoxy-groups by 
potassium hydroxide a t  50°. The saponification constant for each 
group is given in each case, bu t  as the concentrations of alkali 
used vary, these cannot be tabulated. The introduction of the 
methyl group into position 1 increases the ease of saponification 
of the first carbethoxy-group of the di-ester. The introduction of 
the amino-group into position 1 renders i t  more difficult t o  saponify 
the monoethyl ester than in the case of either the trimethyl- or 
the dimet8hyl-pyrroledicarboxylic acid monoethyl ester. The results 
obtained when a carbamido-group is introduced into position, are 
difficult to interpret, and require further work to be done with 
the di-ester. The results obtained with a phenyl group in posi- 
tion 1 are unsatisfactory, owing t o  the instability of the monoethyl 
ester of 1-phenyl-2 : 5-dimethylpyrrole-3 : 4-dicarboxylic acid. 

Determinations were also made in the cases of diethyl 2:5-di- 
phenvlpyrrole - 3 : 4 - dicarboxylate, diethyl 2 : 4-dimethylpyrrole- 
3 : 5-dicarboxyIate, and 3-carbethoxy-2 : 4-dimethylpyrrole-5-carb 
oxylic acid. W. G. 

J. A. CHRISTIANSEN (Zeitsch. 
physikal. Chem., 1916, 91, 701-704. Compare Bauer and 
Orthner, A., 1916, ii, 232).-The author has repeated the experi- 
ments of Bauer and Orthner on the dissociation of salicylic acid. 
It is shown that  a t  203O salicylic acid is completely dissociated, 
whereas i t  had previously been stated by Bauer and Orthner t ha t  
the reaction only occurred t o  the extent of 25% a t  this tempera- 
ture. The present author is of the opinion that  the low result is 
due t o  the shortness of duration of the experiments. 

Catalysis of Hydrogen and Oxygen Mixtures at the 
Ordinary Temperature bv Moistened Contact Substances. 
K. A. HOFMANN and RALF EBERT (Ber., 1916, 49, 2369-2389).- 
A summary of some experiments on the union of hydrogen with 
oxygen in the presence of various contact catalysts is given. Most 
of the conclusions have been given before in many other papers 

H. M. D. 

Dissociation of Salicylic Acid. 

J. F. S. 
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by one of the authors in recent years, and have been embodied in 
his method for estimating hydrogen (see A., 1916, ii, 636). The 
points of particular interest may be stated again. 

The catalysis of the union of hydrogen with oxygen a t  metallic 
surfaces is an electromotive process, and the reaction is comparable 
with that  in the gas chain of a Groves’s cell. Oxygen takes a 
much longer time to acquire the necessary potential than hydrogen 
does a t  platinum, iridium, or  palladium surfaces, and the combina- 
tion of hydrogen with oxygen in a mixture can therefore be 
accelerated by a preliminary loading of the contact substance with 
oxygen. The oxidation-potential of oxygen is higher in an acid 
medium than in an alkaline or  neutral one. 

It is particularly emphasised that i t  is not sufficient to 
((activate” one reagent in order to accelerate a reaction. Each 
participant must be activated. For this purpose, combinations of 
catalysts must be used, the most powerful in the case of hydrogen 
and oxygen being palladium and small quantities of most finely 
divided palladium in the presence of sodium hydrogen carbonate. 
The addition of hydrogen or oxygen (( carriers ” is not advisable, as 
they will so reduce the potential of the oxygen or the hydrogen, 
as the case may be, that  their influence may be more than nullified. 

J. C. W. 

The Dual Theory of Acid Catalysis. A Comparison of 
the Activities of certain Strong Acids. HARRY MEDFoxrH 
DAWSON and THOMAS WILLIAM CRANN (T., 1916, 109, 1262-1277, 
Compare T., 1913, 103, 2135; 1915, 107, 1426).-With a view 
to the further examination of the dual theory of acid catalysis, 
measurements have been made of the rate of isomeric change of 
acetone under the catalytic influence of hydrobromic, trichloro- 
acetic, trichlorobutyric, and p-toluenesulphonic acids a t  different 
concent’rations. 

The velocity-coefficients of the ionised acid, kH, and the non- 
ionised acid, k,, are derived from the equations 7c, = V,(l - a,) - 
V2( 1 - a2) al - a2 and k ,  2 Vzal  - Via, a, - p2, in which Vl and V ,  
are the equivalent velocities of the reaction, and a, and u2 the 
corresponding degrees of ionisation of the acid. The a-values 
required were obtained from conductivity data. 

The weighted mean values of k, and L, are employed t o  calcu- 
late the velocities of reaction, and the results are shown to be i n  
satisfactory agreement with the measured velocities, thus affording 
further evidence in favour of the dual activity of the acids. 

The ratio kM/kH is in all cases greater than unity, and this 
shows that the acid is more active in the non-ionised condition, a 
result previously obtained f o r  hydrochloric acid. On the assump- 
tion that a = h / h ,  , the value of the ratio decreases in the order 
hydrochloric, hydrobromic, trichloroacetic, p-toluenesulphonic, and 
trichlorobutyric acids. For trichlorobutyric acid, is nearly 
equal to unity, and it follows that the catalytic activity of this 
acid is determined solely by the concentration and is independent 
of the degree of ionisation. 
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When the k,/lc, values a re  compared with those obtained by 
other observers in experiments on the  hydrolysis of ethyl acetate 
and sucrose, very considerable differences are found in  the case 
of trichloroacetic and trichlorobutyric acids. For the latter acid, 
the two values of k,/k, are approximately as 20:1, and it would 
therefore seem tha t  the magnitude of the ratio varies according 
to the  nature of the catalysed reaction. 

Incidentally, it is shown tha t  the dual hypothesis is in harmony 
with Arrhenius’s equation, v = k,ca + k’,(ca)2, so long as weak 
acids are in question. 

The fact tha t  the catalytic activity of the strong acids, as 
measured by the  equivalent velocity, V ,  may be represented by  
the  equation V = V ,  + a :/;, in  which Vo is the velocity for c = O  
and a is a constant (Snethlage, A., 1915, ii, 615, 825), is shown 
to be a consequence of the dual hypothesis, and is t o  be attributed 
t o  the circumstance tha t  the conductivity varies with the con- 
centration of the acid in fairly close agreement with Kohlrausch’s 
equation, A =A, - by; H. M. D. 

The Atomic Weights. 0. D. CHWOLSON (Bull. Acnd. Imp. 
Sci. Petrograd, 1915, 1841--1852).-A theoretical paper in  which 
the author considers how near the atomic weights of the elements 
approach to  some multiple of four (atomic weight of helium). By 
arranging the numbers under differing groups, allowing for possible 
errors in the values used (Landolt’s tables, 1912) the author arrives 
a t  the view tha t  the  atomic weights are considerably condensed 
around numbers of the type 4n, and that. the number of values 
coming between 4 n  and 4n-2 considerably exceeds those coming 
between 4n and 4n+2.  

The Law of the Periodicity of the Elements, and the 
Natural Periodic System. S. SILBERMANN (Ber., 1916, 49, 
2219-2222).-1n connexion with the1 larger question of the  ‘ I  Crea- 
tion, and the origin of energy and matter,” the author has 
developed the  idea tha t  the inert gases are the  parent, substances 
of all the elements. H e  regards argon as a mixture of a gas with 
the atomic weight 36.4 and another with the weight 153. If the 
elements a re  grouped in  the order of their atomic weights in 
periods from one amDhoteric element to the  next (H to Li, G1 to 
Mp, A1 to Sc, Ti t o  Yt, Z r  to Ce, Pr to Tm, Y b  to  U), each period 
will be found to contain an  inert gas, including the  unknown gas 
with atomic weight 153. The weights can be so plotted tha t  the 
inert  gases fall on a vertical line, when the other elements will 
fall on parallel straight lines which cross this. Immediately to 
the left of the line will be found the most electronegative elements, 
to the right the electropositive, and these characteristics will be 
found to  become less and less pronounced the more remote the 
element is from the line. Connecting elements of one chemical 
family by other lines, it  becomes apparent tha t  the  most perfect 
agreement among the elements of a particular family is when the 
connecting line approaches more nearly to a straight line parallel 

W. G .  
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to  the inert gas line. A diagram which embodies these features 
is given. J. C. W. 

Molecular Weight Determinations in Bromine by the 
Air-current Method. ROBERT WRIGET (T., 19 16, 109, 
1134--1139).-The vapour pressures of pure bromine and of 
bromine containing foreign substances dissolved in it are measured 
a t  the same temperature by the air-current method. The 
apparatus was designed so that the bromine vapour can only come 
into contact with glass and the absorbing solution. Molecular 
weights calculated from the Raoult equation gave for bromoform, 
antimony tribromide, stannic bromide, and iodine monobromide 
values corresponding with the empirical formulze. The value for  
sulphur shows that  it is present in  the form of diatomic molecules. 

H. M. D. 

The Cyclic Theory '' of the Constitution of Complex 
Inorganic Compounds : A Criticism. EUSTACE EBENEZER 
TURNER (T., 1916, 109, 1130--1134).-A criticism of Friend's views 
on valency (T., 1908, 93, 260, 1006). H. M. D. 

Double Bond and the Electron Theory. L. SPIEGEL 
(Biochem. Zeitsch., 1916, 76, 313).-A claim for priority. 

S. B. S. 

New Application of the Bunsen Valve. ALAN LEIGHTON 
( J .  Ind. Eng. Chem., 1916, 8, 1037--1038).-A Bunsen valve may 
be inserted in the tube connecting a water-pump with a vessel from 
which the air is being exhausted; any back-flow of water from the 
pump to the vessel, due to accidental decrease in the water pres- 
sure, is thus prevented. Thick-walled caoutchouc tubing should be 
used in constructing the valve or  the modification of the Bunsen 
valve describmed by Kreider (A., 1896, ii, 161) may be employed. 

w. P. s. 
An Electrically Heated Vacuum Desiccator. T. BRAILSFORD 

ROBERTSON and CARL L. A. SCHMIDT (J. Biol. Chem., 1916, 27, 
429-43 1) .-The apparatus consists of a doublerwalled copper 
chamber maintained a t  the desired temperature by electrical heat- 
ing elements, f o r  a description of which the original paper must be 
consulteld. H. W. B. 

Simple Mercury Sealed Ether Still. 0. C. SMITH and 
D. G .  MORGAN ( J .  Ind. Eng. Chem., 1916, 8, 1039).-The distilla- 
tion flask is closed by a cork, which is inserted so that  its upper 
surface is a short distance below the top of the neck. This cork 
carries a short piece of glass tubing, over the top of which is fitted 
the end of the condenser. Mercury is now poured into the neck 
of the flask until the space above the cork is filled. A flask simi- 
larly fitted serves as the receiver, but the cork closing this flask 
carries a second tube, which is connected with a reflux apparatus t o  
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prevent loss of ether vapour. The distillation flask is heated by an 
ordinary electric bulb fitted below a tripod supporting the flask, 
and is surrounded by a metal shield. w. P. s. 
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